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Abstract — When assessing the dynamic stability of the 
power system, the question arises of considering the variety of 
transients in the power system. This diversity is due to the 
magnitude of the disturbances that occur in a large number 
of elements of the power system. The main way to solve this 
problem is mathematical modeling, but to obtain the reliability 
of the results obtained it is necessary to verify the modeling 
complexes. 
Keywords—Electric power system, verification, dynamic 
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I. INTRODUCTION  
Assessment of dynamic stability is the most important 
emergency response taken during the calculations of the 
regimes of any power system in order to prevent the 
occurrence of systemic accidents that can lead to severe 
economic and technological consequences. 
To improve the efficiency of assessing dynamic 
stability, various methods are used that allow one to most 
accurately predict the behavior of the studied power 
system for various severe disturbances that may arise in it. 
These methods can be divided into two groups: 
1. Mathematical assessment methods; 
2. Evaluation using software tools (ST). 
Assessment of dynamic stability using ST is the most 
accurate, as it allows you to simulate all kinds of 
processes occurring in the elements of the power system. 
The purpose of this work – assessment of dynamic 
stability with the help of Eurostag and Hybrid Real-Time 
Power System Simulator (HRTSim), analysis and 
verification of the data obtained. 
II. USED POWER SYSTEM MODELING TOOLS 
In this work, for the verification of dynamic stability 
calculations, Eurostag and HRTSim are used, which was 
developed in the Research and Development Laboratory  
“Electric Power Systems Simulation” Tomsk Polytechnic 
University. 
The Eurostag is the most common set for the 
calculation of the modes of electric power systems. 
EUROSTAG is a complex developed by TRACTEBEL 
Scientific and Technical Center in conjunction with 
ELECTRICITE DE FRANCE, created to simulate and 
analyze electromechanical transients in power systems at 
any time intervals. The accuracy of the calculation does 
not depend on the duration of the simulated transition 
process, since the integration algorithm implemented in 
the EUROSTAG team will select the integration step in 
accordance with the accuracy required by the user. This 
complex uses a mathematical model for calculating 
electromechanical transients using simplified classical 
Park-Gorev equations [1]. 
HRTSim is a software-technical system of the hybrid 
type. This complex allows to obtain complete and reliable 
information on the entire significant spectrum of quasi-
steady-state and transient processes in equipment and any 
real EPS as a whole. Each element of the power system is 
modeled by continuous and implicit parallel integration of 
differential equations. [2,3,6]. 
III. TEST MODEL 
The scheme under study is a model of the Tomsk 
power system, implemented in the HRTSim and the 
Eurostag. Baseline information on generation and power 
consumption was established in accordance with 
information received from the operational information 
complex. To comply with the adequacy of the analysis of 
the experiment, the steady state mode was calculated in 
the Eurostag and the quasi steady state mode in the 
HRTSim in order to compare the calculated values of 
voltages and active power flows obtained in the Eurostag 
for further adjustment according to the permissible error. 
IV. RESEARCH RESULTS 
For the adequacy of the results obtained, the most 
severe disturbances from the list of design-standard ones, 
as well as the regime associated with the unification of 
separately operating parts of Tomsk Electric Power System 
(TEPS), were chosen as the experiments being conducted.   
A. First case study.  
The first disturbance is the most severe, which is taken 
into account in the requirements for the stability of power 
systems, called regulatory, part of Group III - a three-phase 
short circuit with a circuit-breaker fail protection (CBFP) 
(duration 0.16 s) on the 220 kV line, indicated in Fig. 1 - 
T-203, near the Vostochnaya substation with the 
subsequent three-phase automatic re-closing in 0.2 s [4,5]. 
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Fig. 1. Experimental case study area of the EPS of Tomsk region 
In Figs. 2 - 5 shows the oscillograms obtained in the 
Eurostag and the HRTSim for experimental disturbances. 
 
Fig. 2. Oscillograms in Eurostag (case study) 
 
Fig. 3. Oscillograms of currents and voltages on the line, obtained 
in the Eurostag (case study) 
 
Fig. 4. Oscillograms in HRTSim (case study) 
 
Fig. 5. Oscillograms of currents and voltages on the line, obtained 
in HRTSim (case study) 
Conducting a comparative analysis of the oscillograms 
obtained in the Eurostag and HRTSim, it is clear that the 
nature of the data has a difference. The results obtained in 
the Eurostag show that, as a result of experimental 
perturbation, there is no violation of dynamic stability, 
and as a result of perturbation carried out at the HRTSim, 
dynamic stability is disturbed. 
The difference in the results obtained is explained by 
the simplifications used in modeling the elements of the 
power system in the Eurostag, namely, transformer 
electromotive forces (EMF) in synchronous machines and 
frequency changes are not taken into account when 
calculating the line resistances, due to which the 
synchronous machine reacts incorrectly to the disturbance 
that has occurred. In HRTSim, all transient processes are 
taken into account in all elements of the power system, 
which has a great influence on the stability of the mode, as 
a result of which the system drops out of synchronicity. 
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B. Second case study. 
The second disturbance includes a single-phase short 
circuit (duration 0.1 s) of phase A on the 500 kV line, 
indicated in Fig. 6 – VL-526 from the Tomskaya 
substation, followed by the single-phase automatic re-
closing after a current-free pause of 1.2 s. 
 
Fig. 6. Experimental case study area of the EPS of Tomsk region 
 
Fig. 7. Oscillograms of currents, voltages on line VL-526, mutual 
angles of generators of TPS-3 and SHK, obtained in Eurostag 
 
Fig. 8. Oscillograms of currents, voltages on line VL-526, mutual 
angles of generators of TPS-3 and SHK, obtained in HRTSim 
From the oscillograms obtained in two modeling 
complexes, there is a cardinal difference in their process. 
Rigid damping of vibrations due to non-accounting of non-
industrial frequency harmonics occurs in the Eurostag. 
Higher voltage harmonics will create the corresponding 
current harmonics in the arc feeding the damaged phase. 
Also on the oscillogram from HRTSim one can see the 
presence of aperiodic current component on the line, which 
is a reflection of more adequate modeling of this process. 
All these taken into account simplifications affected the 
stability of the system - the generators went into 
asynchronous mode of operation. 
C. Third case study. 
To assess the reliability of reproducing the processes of 
combining separately working parts of TEPS: South and 
North, these processes were simulated at angles between 
voltages on 1 bus system (BS) and 2 BS PS Parabel: 
δ1=12° (Fig. 10, Fig. 11) and δ3=72° (Fig. 12, Fig. 13). 
The oscillograms of the reproduced processes demonstrate 
an increase in the error of their calculation with the help of 
Eurostag with the increase in δ and, accordingly, the 
equalizing voltage. At δ3=72°, the processes reproducible 
with the help of the Eurostag and the HRTSim are 
radically different. These differences in the simulation 
results are associated, as has been repeatedly noted, with 
the simplifications and limitations used in the Eurostag, 
especially with the use of static models of network 
elements that distort the propagation of fluctuations of 
currents, voltages and the processes they cause in 
generators and electrical machines in general [7]. 
 
Fig. 9. Fragment of the site of the EPS of the Tomsk region where 
the combination is being carried out 
 
Fig. 10. Oscillograms of currents and voltages at a combination 
angle of 12 degrees, obtained in Eurostag 
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Fig. 11. Oscillograms of currents and voltages at a combination 
angle of 72 degrees, obtained in Eurostag 
 
Fig. 12. Oscillograms of currents and voltages at a combination 
angle of 12 degrees, obtained in HRTSim 
 
Fig. 13. Oscillograms of currents and voltages at a combination 
angle of 72 degrees, obtained in HRTSim 
V. CONCLUSION 
As a result of this work, the verification of dynamic 
stability was carried out in the Eurostag and HRTSim 
using experimental standard perturbations, in accordance 
with the methodological guidelines for the stability of 
power systems modeled in the power system of the Tomsk 
region. The difference in the results obtained is explained 
by the presence of simplifications that are present in the 
Eurostag calculation model, namely, the transformer 
electromotive forces are not taken into account relative to 
the electromotive forces of rotation and frequency 
variations in the power system when calculating the line 
resistances, due to which the synchronous machine does 
not correctly respond to the disturbance that has occurred 
which in some cases may lead to a distortion of the 
simulation results. 
Thus, the correctness of modeling of power systems 
affects their reliability, development and introduction of 
new automation devices. 
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